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Introduction, 
Skim  milk  is  that  portion  of  the  "whole 
milk"  left  after  the  butter  fat  has  been  re- 
moved by  skimming  or  more  economically  by  the 
centrifugal  method. 

An  average  analysis  of  milk  received  from 
a  source  of  known  purity  and  from  wnicn  the  skim 
milk  used  in  this  work  was  subsequently  taken 
is  ae  follows: 
Fat 

Casein 
Albumin 
Lacto-protein 
Luctose 
%  -  h 
Water (by  difference) 

100.0  fo 
It  will  be   readily  seen  that  other  mater- 
ials more  or  less  valuable   remain  in  tne   skim 
milk  after    the   fat  nas  been  removed,    and  it    ie 
a  study  of  this  residue  witn  whicn  this  thesis 
is  concerned. 

An  analysis   of   the    skim  milk  received    is 
as  follows:  - 

Total   solids  9. 6c  $> 

Water    (by  difference)   90.37   ,. 

Fage   3. 


3.4 

;: 

3.3 

, 

0.6 

V 

0,1 

, 

4.5 

$ 

0.7 

fo 

87.5 

P 

An  analysis  of  this  milk  for  solids  gave:- 
Casein  3.58  $ 

Lactose  4. 60  ,. 
Albumin  0.70  $ 
Ash  0.67  f 

Fat  _0.15.  fo 

9.75  $ 
A  Brief  Description  of  the  Solids. 
1.  Casein. 
Casein  is  tne  chief  characteristic  protein 
substance  found  in  milk.  Because  of  a  lack  of 
uniformity  in  casein  from  different  sources  an 
exact  structural  formula  cannot  be  written;  how- 
ever it  can  be  considered  a  combination  of  alpha- 
amino  acids  and  their  derivatives.  The  casein 
of  cows  milk  according  to  Hoppe-Seyler,  has  a 
percentage  composition  as  follows: - 
Carbon         52  ,r 
Hydrogen         7.04  $  to   7.53  % 
Nitrogen        15.60  #  to  15.91  f0 
Oxygen         32,76  ! 
Sulphur         0.75  $   to  0.81 
Phosphorous      0.80  #.to  0,84  # 
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In  milk  casein  is  present  as  a  cal 
caseate  and,  on  the  authority  Courant,  not  as 
the  neutral  salt  but  as  a  calcium  dicaseate  com- 
bined  with  calcium  phosphate  in  sucn  a  manner 
as  to  give  the  well  known  collodal  properties 
to  the  solids  of  milk. 

Casein  may  be  prepared  commercially  by 
precipitation  with  various  acids  sucn  as  sul- 
phuric, hydrochloric,  acetic,  lactic  and  methyl 
or  ethyl  sulphuric  acids. 

Such  salts  as  sodium  chloride,  magnesium, 
sulphate  and  sodium  sulphate  precipitate  casein. 

Rennet,  a  ferment  obtained  from  the  gastric 
mucosa  of  the  calf,  .also  precipitates  casein 
but  in  a  slightly  modified  form.  Unlike  the  acid 
precipitated  product  that  is  obtained  with  ren- 
net, called  paracasein,  it  forms  a  calcium  salt 
which  is  insoluble.  Because  of  its  ability  to 
bring  down  casein  without  the  use  of  acid,  ren- 
net finds  its  principle  use  in  cheese  making. 

Alkaloids  and  the  aniline  dyes  give  complex 
insoluble  compounds  wnen  added  to  skim  milk .The 
product  obtained  with  the  pigments  are  of  great 
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importance  in  tne  manufacture  of  casein  paints. 
Casein  is  readily  soluble  in  dilute,  aque- 
ous, solution  of  the  alkalies,  tne  normal  and 
acid  carbonates  of  the  alkalies  and  solution 
of  the  alkali  earth  compounds.  Strong  acids  which 
do  not  decompose  casein  will  dissolve  it  ♦ 
2,  Milk  Sugar  or  Lactose. 
Lactose  is  the  carbohydrate  of  milk.  Accord- 
ing to  E.  Fiscner  it  is  an  anhydride  of  the  fol- 
lowing structural  formula: - 
CH  OH(CHOH) 
HC   0.' 
O.OH(CHOH)  CHOH.COH 
The  solution  of  lactose  is  dextro  rotatory. 
Tne  average  normal  specific  rotation  being   52.5 
at  a  temperature  between  15  and  25  degrees  cen- 
tigrade. It  nas  a  solution  of  nineteen  part3  per 
one  hundred  parts  of  water,  and  when  separated 
from  milk  by  evaporation  comes  down  as  white  semi- 
transparant  crystals. 

3.  Aloumin. 
The  soluble  albumin  of  milk  resembles  the 
albumin  of  white  of  egg  and  like  it  is  precip- 
itated by  heating  to  70  degrees  centigrade. 

Pago 


4.  Asa. 
The  ash  remaining  after  milk  has  been  com- 
pletely incinerated,  consists  according  to  anal- 
ysis given  by  Leach,  of  the  following  inorganic 
3alts:- 

Total   asn  in  sample  0.70  $ 

Potassium  oxide  0.1. 

Calcium  oxide  0.070  fo 

Magnesium  oxide  0.140  fo 

Iron  oxide  0.017  fa 

Sulphur  tri-oxide  0.001  fo 

Phosphorous  pent-oxide     0.01 
Chlorine  0.100  fo 

Technical  uses  of  the   Solids  of  Skim  Milk. 
1.   Casein. 
The   material  as  a  cheese   from  the   lactic 
or  rennet   fermentation  of  milk     has  been  known 
since   time   immemorial,   but   its  use   in  the   arts 
and   industries   is  of  comparatively  recent   origin. 
While    in  the  following   list    the   main  uses  of  casein 
are   given  it  must   be   understood   that    they   have 
not   all  been  brought   to   technical  perfection, 
(a)   As  paper   sizing. 
Casein  is  dissolved  in  an  alkaline    solution 
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mixed  with  the  filler  and  pigment  to  be  used. 
Tne  size  is  then  spread  on  the  uncallendered 
paper  by  means  of  small  brushes.  Used  in  this 
manner  it  gives  a  smooth  even  coat  which  is  high- 
ly resistant. 

(b)  Casein  Paint . 

The  agglutinant  properties  of  a  casein  sol- 
ution nave  already  been  mentioned.  Excellent 
glues  can  be  made  by  stirring  up  casein  with 
distilled  water  to  which  has  been  added  sodium 
bicarbonate  and  snellac.  Tne  advantage  with  casein 
glue  lies  in  the  fact  that  it  can  be  used  cold, 
thus  avoiding  the  melting  pot  necessary  to  the 
utilization  of  common  glue.  By  using  formaldehyde 
in  the  glue  a  water  proof  and  bacteria  proof  joint 
is  obtained. 

Tlastic  Masses. 

When  casein  in  alkaline  solution  is  mixed 
with  bone  dust,  powdered  stone,  etc.,  a  mixture 
is  obtained  which  becomes  plastic  on  heating  and 
thus  may  be  presses  and  moulded. 

By  treating  casein  with  formaldehyde  a  tough 
white  product,  which  can  be  colored  is  obtained. 
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This  material  known  as  "Galalich"  is  used  in 
making  piano  keys,  insulating  medium,  til lard 
balls  and  articles  of  like  nature. 

(d)  Casein  in  the  Textile  Industries. 
s  gummy  ammonical  solution  of  casein  is 
used  as  a  medium  for  printing  and  fixing  powder- 
ed pigments,  which  do  not  react  with  an  alkali, 
to  calico . 

(e)  Casein  as  2  Food. 

Casein  in  the  form  of  cheese  has  an  import- 
ant position  in  the  diet.  The  form  which  attracts 
the  most  attention  because  of  the  advertising  is 
that  sold  as  the  so-called  nerve  and  brain  food. 
Although  there  is  justification  for  the  use  of 
tnese  patent  preparations  the  claims  :r.ade  for 
them  and  the  prices  charged  are  far  out  of  pro- 
portion to  the  actual  benefits  derived  from  their 
use  . 

Lactose  • 
^e  this  compound  i3  not  fermentable  by 
yeast  it  is  placed  in  the  wort  and  remain;-. 
the  finished  stout.  Tne  major  part  of  the  milk 
sugar  finds  a  ready  market  as  a  medicine  and  for 
pharmaceutical  preparations. 
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Albumin • 

It  is  only  when  skim  milk  is  heated  about 
70  degrees  centigrade  as  in  evaporation  for  the 
recovery  of  milk  sugar  that  the  albumin  is  pre- 
cipitated. At  present  its  only  value  is  as  cat- 
tle feed. 

Tne  Ash. 
Tie  ash  has  no  commercial  value  . 
Lactic  Acid, 

While  lactic  acid  not  naturally  present 
in  fresh  milk  it  may  be  and  is  produced  v; 
milk  undergoes  natural  fermentation.  In  sue;, 
industries  as  butter  making  fermentation  is  al- 
lowed to  proceed  to  an  acid  content  of  about 
when  the  "ripened  cream"  is  churned.  Since  the 
natural  fermentation  stops  within  certain  limits 
the  butter  milk  remaining  after  churning  contains 
lactose  as  well  as  lactic  acid.  In  the  recovery 
of  the  milk  sugar  lactic  acid  would  then  be  ob- 
tained as  a  by-product . 

Tne  straignt  preparation  of  lactic  acid  from 
skim  milk  is  not  feasible  because  of  the  ease  with 
which  a  solution  of  cane  sugar  can  be  fermented 
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with  suitable  bacilli.  This  fermentation  of  sugar 
to  lactic  acid  while  proceeding  readily  stops  at 
a  given  concentration.  The  increase  of  the  yield 
of  lactic  acid  from  sugar  solutions  without  tne 
loss  of  an  excess  of  the  unconverted  sugar  pre- 
sents a  problem  which  was  solved  in  thia  work. 

Lactic  acid  is  becoming  commercially  more 
important  as  its  uses  and  properties  are  being 
investigated.  It  is  used  instead  of  the  tartar 
bath  in  dyeing,  as  a  mondant  for  wo  lien  goods  and 
at  present  is  being  substituted  for  the  natural 
lactic  acid  occuring  in  beer,  thus  obviating  the 
chance  of  contamination  when  ferments  are  added 
to  produce  the  natural  lactic  acid. 

Commercial  Status  of  the  Problem. 

The  profitable  disposition  of  skim  milk  is 
a  problem  which  the  dairy  interests  are  just  be- 
ginning to  study.  In  isolated  creameries  where 
the  milk  brougnt  by  the  farmer  is  worked  for  i 
butter  content  alone  the  skim  milk  is  usually  fed 
to  live  stock.  While  this  proceedure  appears  waste- 
ful it  is  justified,  because  the  limited  capacity 
of  the  ordinary  farmees  creamery  -where  milk  is 
handled  in  sucn  small  quanities  makes  a  profitable 
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production  of  casein,  milk  sugar  and  albumin  im- 
possible. However  the  tendency  is  toward  large 
centralized  creameries,  handling  from  1000  to 
5000  gallons  of  whole  milk  per  day. 

Considering  the  creameries  whose  production 
of  skimmed  milk  approximates  1000  gallons  per 
day,  and  they  are  not  uncommon,  it  will  be  seen 
that  the  handling  of  this  bulk  of  heretofore  al- 
most waste  material  presents  a  serious  problem. 

The  commercial  market  for  such  a  material 
as  casein,  milk  sugar,  and  crude  albumin  is  at 
present  well  established,  but  because  of  super- 
ior knowledge  and  the  necessity  of  making  every 
item  count,  the  bulk  of  tnese  products  come  from 
European  manufacturers.  One  of  the  largest  butter 
making  concerns  in  Chicago  sell  their  curd  to 
poultry  raisers  for  chicken  feed  and  a  limited 
amount  as  cottage  cheese.  The  manager  of  this 
oreamery  was  of  the  opinion  that  the  establish- 
ment of  an  industry  for  the  commercial  production 
of  milk  sugar  was  only  a  matter  of  a  few  years 
in  which  to  conduct  the  necessary  preliminary  and 
experiment al  work. 
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Met hod 8  of  Analysis. 
Total  Soliiso 
A  clean  aluminum  disk  g  5d» 

A  sample  of  milk  is  placed  in  the  disk  and  the 
total  quickly  weighed.  Tne  disk  is  then  placed 
on  the  water  bath  until  it  ceases  to  lcee  wei 
when  it  is  again  rapidly  weighed,  to  avoid  tne 
absorption  of  water. 

Loss  in  weight  jx.   100  $  So  lids . 


Wei  ght  of  sample 

Casein. 
Fifty  c.c.  of  fresh  skimmed  milk  is  diluted 
to  350  c.c.  and  75  c.c.  of  N/10  acetic  acid  slow- 
ly added,  the  mixture  being  continually  and  raj 
iy  stirred  during  tne  addition.  Tne  precipitate 
is  then  washed  by  decantation,  the  wash:  g  be- 
ing passes  thru  a  quanitative  filter  paper  and 
finally  the  precipitate  is  transfered  to  the  fil- 
ter. After  draining  for  about  an  hour  the  precip- 
itate and  filter  is  transfered  to  a  beaker  and 
dissolved  in  exactly  100  c.c.  of  N/10  sodium  hydros ■ 
ide .  The  casein  is  completely  dissolved  and  the 
paper  transfered  to  a  fine  pulp.  Complete  solution 
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of  the  casein  is  attained   in  about   ten  lainutee. 
The  e    La    bhen  filtered  and  the   refractive 

index  determined  with  the  Pulfricn  refractometer . 

Since   n  for   N/10  NaOH   is   1.33444  at   30  de- 
grees centigrade   the   results  may  be   calculated 
as  follows:-- 

Grams   caseir.    in  50  c.c.  milk     N  -   1 .33444 

0.00153 

Where  the  volume  is  100  c.c.  and  the  change  of 
the  index  of  refraction  due  to  one  gram  of  caseir 
is  0.00153. 

Milk  Sugar. 
Tne  specific  gravity  of  milk  was  determined 
with  a  delicate  hydrometer,  at  a  temperature  of 
30  degrees  centigrade. 

The  quality  of  milk  to  be  used  for  polar- 
ization varies  with  the  specific  gravity  of  tne 
milk  as  shown  by  tne  following  table: - 

3p.  Or.  Vol.  of  Milk  to  be  used 

1.034  64.4  c.c. 

1.036  64.3   c.c. 

1.038  64.15   c.c  . 

1.030  64.00   «.«. 

1.033  63.90   c.c. 

1 .034  63.80   c.c. 

1.035  G3.70   c.c. 

I    ..      L4. 


N.E.  Tais  table  applies  or/.         .  nor- 
mal sucrose  weight  of  the  polariscope  is  26.0  . 

Place    the   quanity  of  milk  indicated   in  the 
table    in  a   flask   graduated  to   102.04  c .c ,   and 
add  1   c,c.  of  mercuric   nitrate   and  30  c  ,c .  of 
mercuric   iodide   solution.  Fill  the   flask  to   the 
mark  witn   distilled  water   and   snake  well.   The 
mixture    ia  tnen  filtered  thru  a  dry  paper (the 
firgjfc   10  c  .c .  being  discard  and  the   filtrate 
polari2ed,  A  ten  centimeter  tube    is  used  and 
the    scale   reading  gives  trie  percent   lactose  dir- 
ect . 

Lactic  Acid. 

Lactic  acid  was  determined  by  titrating  10 
c.c,  of  sample  with  K/10  NaOH. 

Experimental  Work. 

The  casein  was  precipitated  from  skimmed 
milk  by  the  use  of  the  following  precipitant b:- 

(1)  Lactic  acid  -  4  %   solution. 

(2)  Hydrochloric  acid  -  1  part  con.  HC1  to  10 
parts  H  0 

(3)  Sulphuric  acid  -  i2-  parts  by  volume  to  7 
parts  H  0 

ice  tic  acid  -  29  $>   solution. 
(5)  Ethyl  sulphuric  acid  -  1  part  con.  H  ?,0   to 
1  part  ale che 1 . 
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(6)  Methyl  sulphuric  acid  -  1  part  con.  H  SO  to 
1  part  methyl  alcohol. 

(7)  Alums. 

Tne  following  results  were  noted:-- 

Lactic  acid  -  fine  white  curd  -  filtered  fast. 

Hydrochloric  -  fine  curd  -  filtered  fast. 

Sulphuric  -  white  curd  coarser  than  above  -  fil- 
tered very  slowly. 

Acetic  acid  -  white  course  curd  -  filtered  slowly 

Ethyl  sulphuric  -  white  coarse  curd  -  filtered 
very  slowly. 

Metnyl  sulphuric  -  slightly  yellow  curd  -  filter- 
ed very  slowly. 

Tne  alums  and  MgSO  were  not  very  satisfactory  pre- 

cipitants . 

Weight  of  dried  casein  obtained  from  3  #  of 

skimmed  milk  with  the  different  reagents.  The 

skimmed  milk  contained  4.3  fa   casein. 

Reagent  Wt .  of  Casein. 

Lactic  acid  ,11  # 

Hydrochloric  acid  .11  # 

Sulphur ic  acid  .13  # 

Acetic  acid  .10  # 

Etnyl  sulphuric  acid        .11  # 
Methyl  sulphuric  acid        .09  # 
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A  can  of  milk  (40  lbs.)  was  sterilized  for 

3-4  hours  at  a  temperature  of  170  F  to  190  F;  a 

ferment  was  added  at  8:45  A.M.,  and  tne  acidity 

of  the  milk  was  determined  by  titration  with  E/10 

NaOH,  the  sugar  content  also  being  determined, 

the  following  data  was  ontained  from  which  a 

curve  was  plotted. 

Hac.e.  N/10  $   Lactic  ^Lactose 
NaOK  used .     Acid 

1.8  .162  4 

2.1  ,189  4 

2.2  .198  4 

2.4  .216  3.97 

2.5  .225  3.95 
2.8  .252  3.94 
3.2  .278  3.90 
3.7  .333  3.8  7 
4.7  .423  .75 

10.6                    .954  3.06 

10.2                    .316  3.06 

10.1                    .909  3.06 

10,1                    .909  3.06 

10.0                    .900  3.06 

Second  run-culture   added  at   4:45   I.  > 


Time     No  .c  .c  . 
Titrated 

8:45  A.  . 

10 

9:45 

10 

10:45 

10 

11.:  45 

10 

12:45 

10 

1*45  P.M. 

10 

2:45 

10 

3:45 

10 

4:45 

10 

7: 45  A.  . 

10 

8:45 

10 

9:45 

10 

10*45 

10 

11:  45 

10 
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Titrated 

8 :  30  A 

.  . 

10 

9:30 

10 

10:  30 

10 

11:30 

10 

12:  30 

10 

1:30 

10 

.684 

3.5 

.774 

3.4 

.8  60 

3.3 

.846 

3.3 

.846 

3.3 

.846 

3.3 

'ime  _No .  c.c.       No.  c.c,  11/10  '.actese 

NaOH  used  acid 

7.6 
8  .6 
9.6 
9.4 
9.4 
9.4 

In  order  to  increase  the  fermentation  of 
the  milk  sugar  to  lactic  acid,  one  meter  of  milk 
having  a  lactic  acid  content  of  0.90  fo   was  par- 
tially neutralized  witn  1000  c.c.  B/2Q  Ca(0H)  . 
The  following  results  were  obtained: - 
Time  Start  Total  percent  lactic  aci  . 

8:20  A.M.  .  50 

9:30  1.330 

10:30  1.620 

11*20  1,780 

12:20  1.390 

1.20  1.890 

1000  cc .  N/20  Ka(0H)  was  now  added. 
2:00  P..  .  2.480 

3:00  2.620 

4.00  2,690 

5:00  '  2. 750 

7:00  A....  3i02 

3.24 
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The  theory  has  been  advanced  that  the  pro- 
tein of  milk  is  necessary  for  lactic  fermentation. 
7o  determine  the  effect  upon  tne  rate  and  quantity 
of  milk  sugar  converted  to  acid  when  casein  is  re- 
moved tne  following  experiment  was  undertaken. 

Tne  casein  of  a  quart  of  skimmed  milk  was 
removed  by  precipitation  wiith  lactic  acid  and 
then  a  buttermilk  culture  was  added  to  the  whey, 
the  following  results  were  obtained; - 
Time      No.  cc ,  titrated    No.cc.  K/10  $   Lactic 


S:3C  A.    . 

10 

10:50 

10 

11:30 

10 

12:30'  P.M. 

10 

1:30 

L0 

3:00 

10 

4:00 

10 

8:00  A.M. 

3:30  P.M. 

1C 

9:30  A.M. 

10 

8:30  A.M. 

10 

Monday  after 
several  days 

10 

NaOH  used 

acid 

2.6 

.334 

2 .6 

.234 

2.8 

.252 

2.8 

.252 

2.7 

.343 

2.7 

.243 

2.7 

.243 

2.8 

.252 

3.9 

.351 

6.0 

.570 

7.8 

.740 

10.8         .381 
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Recovery  of  Sugar. 
The  caseir.  was  precipitated  from  40  lbs. 
of  skimmed  milk,  containing  4.3  f>   sugar,  with 
lactic  acid,  filtered,  and  the  whey  digested 
for  some  time  with  calcium  carbonate  and  alum- 
inium hydroxide  .  Tne  insoluble  matter  was  then 
filtered  off  and  the  filtrate  concentrared  in 
the  vacuum  evaporator  to  a  syrup,  which  on  stand- 
ing gave  crystals  of  lactose  .  During  the  concen~ 
traticn  the  albumen  becomes  insoluble  which  was 
filtered  off  before  final  concentration. 

Yield. 
1st  crop  173  gm.  -  purity  97  $     pure  lactose  167.8 
2nd   "   257  "       ■    84  f>        "     "     "16.88 

Total  gms .  pure  lactose  384. i 

453  x  40  x  4.3  £  736.16  gm .  theoritical  yield. 

Therefore  384.69     58.5  $   yield 
736.16 

One  and  fifty  three  nundredtns  pounds  of 
dried  casein  was  recovered,  and  during  the  con- 
centration pericd  .55  lbs.  of  crude  albumen  was 
thrown  down. 

The  value  of  the  products  recovered  is:- 
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Casein  |  0.3? 

Milk  Sugar  .78 

Albumen  _.Q3 

-.17 
Cost  of  raw  material  $  .35 

Cost  of  lime  .045 

Cost  of  labor  .45 

Int.  Ir.s.  Tower  depreciation  .16 

v  1.005 

The  total  profit  per  40  lbs.  of  milk  would 
then  be  15.5  cents. 

On  a  plant  handling  1000  gallons  per  day 
this  means  a  profit  of  #33.00  per  day. 
Recovery  of  Lactic  Acid. 

Forty  pounds  of  milk,  containing  4.5  fo   sugar, 
was  allowed  to  stand  several  days  -  until  the 
lactic  acid  content  was  1.1F 

The  amount  of  lime  required  to  neutralize 
the  acid  already  formed,  and  also  to  neutralize 
all  that  will  be  formed,  considering  that  all 
the  milk  sugar  is  converted  to  lactic  acid,  is 
calculated  as  follows:- 

Tne  formula  for  milk  sugar  is  C  H  0    HO 
The  formula  for  lactic  acid  ie  C- H  0 
Therefore  1 (C  H  0   H  0)    4(CH  CH.OH.COOH) 
2(CH  CH.OH.COOH)   CaO       (CH  CH.0H.C00)   H  0 
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Therefore  1(C  H  0   HO)   2  CaO 

453  x  40  x  4.5  #  815.4  grr, .  sugar. 
Therefore  360:  112  ::  815.4  :  x     x  254 
Therefore  254  gm.  CaO  was  required  to  neutralize 
all  the  acid,  but  since  the  fermentation  proceed-e 
until  an  acid  concentration  of  about  one  percent 
is  reached,  only  200  gm.  of  CaO  was  added. 

The  sugar  was  determined  each  day  to  determine 
the  progress  of  the  fermentation.  Wnen  the  per- 
centage of  3Ugar  became  very  small  the  acidity 
of  the  milk  was  determined  and  found  to  be  .72 

Tne  calcium  lactate  was  then  decomposed  by 

adding  the  calculated  amount  of  H  SO  to  react 

with  the  calcium  lactate  which  was  previously 

formed,  to  the  solution,  which  was  then  heated 

and  filtered. 

•  filtrate  was  concentrated  in  the  vac. 

evaporator  to  a  syrup. 

Yield:- 

453  x  40  x  4 .5$     815.4  gm .  theoritical  yield. 

Actual   yield     3S3.2  gm. 

Therefore   393.3      48.3  #  yield. 
815.4 
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Conclusion . 
Casein. 

Casein  of  good  marketable  properties  can 
be  readily  prepared  from  skimmed  milk.  A  con- 
sideration of  the  yield  and  cheapness  of  the 
precipitant  favors  sulphuric  acid  as  the  reagent. 
The  diversified  uses  of  casein  sometimes  demand 
other  precipitants,  such  as  hydrochloric  acid, 
acetic  acid,  etc.,  and  it  was  found  that  tae 
acids  give  results  equal  in  all  respects  to  the 
sulphuric  acid  product,  always  discounting  tue 
difference  in  initial  cost  of  the  above  named 
acids  over  sulphuric  acid, 

Wnen  milk  sugar  as  well  as  casein  is  to  be 
recovered  the  organic  acids  or  rennet  are  the 
only  precipitating  materials  feasible,  since  the 
mineral  acids  would  invert  the  milk  sugar, 

ir . 

This  compound  is  readily  recoverable  from 
skimmed  milk  by  methods  which  are  comparatively 
simple,  no  expert  knowledge  and  technique  being 
required . 

Lactic  Acid. 
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Tne  fermentation  of  sugar  to  lactic  acid 
nas  a  tendency  to  stop  abruptly  at  about  I 
lactic  acid.  Th«  reason  for  this  straigntening 
of  the  curve  herin  shown,  is  probably  due  to  tne 
toxic  effect  of  this  specific  concentration  of 
acid  on  tr.e  bacilli  producing  the  fermentation. 

By  careful  neutralization  of  the  ferment- 
ing sugar  as  was  done  in  this  work  the  conver- 
sion may  be  carried  to  a  point  which  ie  limited 
only  by  the  amount  of  convertable  sugar  present. 

Ti^e  idea  that  the  presence  of  milk  protein 
is  essential  to  the  growth  of  the  lactic  acid 
bacilli  is  erroneous,  although  the  conversion 
proceeds  more  slowly  when  casein  has  been  re- 
moved . 
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